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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

MEMORANDUM REPORT

HIGH~SPEED PHOTOGRAPHS OF A YR-4B PRODUCTION ROTOR -
BLAEE FCR SIMULATED FLIGHT CONDITIONS IN THE
LANGLEY FULL-SCALE TUNNEL
Bﬁ Richard C. Dingeldein and Raymond F. Scheefer B

SUMMARY

Recent tests of a Sikorsky YR-L4B helicopter in the
Lengley full-scale tunnel Included photographing a pro-
ductlon rotor blade 1n simulsted forward-flight condl-
tions using Edgerton flash equipment. The blade was
photographed at azimuth angles of 0°, L5°, 135°, 180°,
2259, ;nd 315° for tip-speed ratios ranging from 0.12
to 0.23%.

The results clearly show fabric deformation in the
form of saggling and bulging. The photographs also indi-
cate a reversal In the bending curve near the blsde tilp
that appears to result from the combined effects of
losses of 1lift and high centrifugal force at thls point.

INTRODUCTION

A Sikorsky YR-4B hellcopter has been tested in the
Langley full-scale tunnel at the request of the Army Air
Forces, Alr Technlcal Service Command. One phase of the
tests consisted of taking high-speed photographs. of a
YR-LB production rotor blade at different azlmuth angles
for simulated forward-flight conditions using Zdgerton
flash esquipment supplled and operated by personnel of the
Photo Engineering Branch, Technical Data Leaboratory,
Engineering Dlvision, Wright Fleld, Ohio. The blade
photographs for the different test conditlons are presented
in this paper.
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APPARATUS

The Sikorsky YR-LB helicopter was mounted at the
three lending-gear supports on a direct-reading, six-
component straln-gage balance. The strain gages were
calibrated for a center of gravity located on the center
line of the main rotor shaft 56.52 inches below the plane
of the flapping hinges. This position was chosen from
Informetion supplied by the manufacturer and falls wilthin
the center-of-gravity range corresponding to normel gross
weight. The pltch angle was obtalned from an indicator
attached to the control linkege and calibrated agalnst a
protractor mounted on a rotor blade at the 0.75 radius.
The power input to the main rotor was measured by a
strain-gage~-type torquemeter located on the rotor shaft.
The indicators for the pitch angle and the straln-gage
balence and torquemeter, together with the remote-control
system whlich operated the engine and flight controls of
the helicopter, were located in & test house at the rear
of the balsnce house. The general arrangement of the
test setup 1s shown in figure 1.

A photograph of a YR-4B production blade and perti-
nent dimensicns are shown in filgure 2. These blades have
radius of 19 feet measured from the center of rotation,

e tapered plen form, a total area (three blades) of

65.4 square feet, and are untwisted. The solidity based
on the weizhted chrord is 0.060. An NACA 0012 sirfoil
sectlon 1s used. The blade consists of a tubular steel
spar to which 36 wooden ribs are attached. Thelribs are
spaced epproximately 6 inches at the root and 45 inches

at the tlip. Spruce falring strips contour the blade sur-
face for the forward 35 percent of the chord. A wire
cable forms the tralling edge and the entire rotor blade
is fabric-covered. A single 3/16-inch-dlameter vent

hole 1s located on the lower surface of the rotor blade
approximately 6 inches from the blade tip at 38 percent
of the chord. (See filg. 2.)

PHOTOGRAPHIC EQUIPMINT

mhe special high-speed photographic equipment
included two modified K-15A aerlal cameras, an Edgerton
flash lamp, and a portable gasoline-driven generator.
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Each camera was modified to the extent of removing the
shutter and the intermittent film-trensport mechanism.

" The high-intensity flash from the Edgerton. lamp was of
approxzimately 1/10000 second duration. The lamp was
discharged at a glven rotor-blade azimuth angle by a
"micro switch which was tripped by an ad justable cam
mounted on the rotor shaft. One camera and the Edgerton
lamp were mounted on the base of the wind-tunnel survey
carrlage (see fig. 3) and set at the same elevation as
the rotor hub to photograph a rotor blade in the plane
of rotation. The second camera, whlch was fastened to
the tunnel: structure directly over -the main-rotor sheft
for a hellcopter angle of attack of 0°, simultaneously
recorded the aglmuth positlon of the rotor blade. The
relative locatlon of the equipment with respect to the
helicopter is shown in figure L.

TEST CONDITIONS

The same rotor blade was photogrepiied at four tip-
speed ratios from 0.l12 to 0.2% for azimuth angles of
approximetely 0°, 145°, 135°, 180°, 225°, and 315° for
simulated level-flight condltlons. An engine speed of
18300 rpm (193 rotor rpm) was used throughcut the tests
because of the excessive vibration of the helicopter and
supports encountered at higher speeds. Thisscondltion
corresponds to a Reyrolds number of 2,05 x10° at the
0.75 radius and a rotationel tip speed of 33l feet per
second. The gross welight of the helicopter was taken as
2500 pounds. The spilndle angle for trimmed flight at
each tunnal airspeed was determined from the flight-test
data presented 1n reference 1. This angle was corrected
for the tunnel jet-boundary effect by assuming the rotor
dlsc is equivalent to a wing of the same span, area, and
1ift. The induced flow through the rotor materilally
reduced the tunnel alrspeed, especlally for the lower
forward speeds. Due to this effect and to the changes in
the tunnel stream angle caused by the rotor, the splndle
settings used only approximate those for trimmed fllight
condltions. For this reason 1t was lmpossible to trim
both the forces and moments slmultaneously at a lift of -
2500 pounds. The moments were considered more important
and were therefore trlmmed to zero. The magnitude of
the unbalsnced drag and side force 1s given for all
condlitions. ' .
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RESULTS AND DISCUSSION

The test conditions for which the blade plctures
wore obtsined are listed l1n table I. The high-speed
photographs of a rotor blede teken 1n the plane of rota-
tion for thses four test condltlons are presented 1n fig-
ures 5 through 10 for the six azimuth angles. The
plectures taken for condition 1 by the overhead camera
for these azimuth positions are shcwn in i ure 11. .The
actual azimuth angles corresponding to (° g g 50,
1800, 2259, and 315° are shown to be 0°, L79, 1319, 1819,
2250 and 308 and are expected to be approximately the
same for conditions 2, 3, and li, lnasmuch as the blades
were photographed at the same rotor-shaft cam setting
for ell four conditions.

The photographs of figures 5 through 10 show the
type of surface deformation that occurs on a febric-
cevered rotor blsde. Because of the nature of the externsal
pressures which produce rotor-blade 1ift, 1internal pres-
gures below free-stream statlc pressure will exist some-
what outboard of the point at which fabrlc sagging appears
on the upper blade surface. Slimilarly,.lnternal pressures
greater than fres-stream statlc pressure will exist.some-
wlzat inbosrd cf the polnt at which fabric bulging is shown
on the lower surface. The snanwise distributlion of .
internal pressure has been roughly estimated from the
photographs, which indicate thet the 1lnternal prasssure
from the root to epproximetely the T77~-percent radlus
{25th rib) 1s below free-stream static pressure. The
fabric bulging on the lower surface is difficult to detect
from. the photographs; however, the internal pressures for
approximetely the outboard 10 percent of the radlus
appear to ba greater than free-stream statiz pressure.
Calculatlons prove thset the difference 1in internal pres-
sure betwesn the blade root and the tlp, assumlng no
Intermediete venting, will be equal to the dynamic pres-
sure at the tip. This smounts to approximately 3l inches
of water In the present case. The results of the tests
of rotor-blade sectlons 1n two-dimensionsl flow publlishsd
in reference 2 indicete that the bulged portlons of the
blade will probably cause an Incresss in section dragz
coefflclent, a decrease 1n maximum sectlon 1ift coeffi-
cient, and a fcrward movement of the aerodynemlc center.
The effect ol fabrlc sagging 1s indlcated by the same




MR. Nd.- L5C12¢ 5

source to be a slight increasse 1n sectlon drag coeffi-
cient, a slight increase in maximum section 1ift coeffi-.
clent, and a slight rearward movement of the aerodynsmlc
center. Inasmuch as higher veloclties occur over the
outer portions of the blades, the effects due to bulglng
would be expected to predomlnate.

The use of closer rlb spaclng to obtaln a more unl-
form rotor-blade surface ls suggested by the photographs,
especlally those of figure 11 in which the lighting
‘accentuates the sagging over the inboard blade sections.
Tests of two rotor-blade sections, one of which had half
the rib spacing of the other, are reported in reference 2.
Tne edvantages of Improved surface conditlons are also
indicated 1n reference 3, which compares the static-thrust
performsnce of thls same rotor blade wlith that of other
rotor blades Laving a more rigid surface.

In almost all of the high-speed photographs the
rotor blade droops distinctly nedr the tip. - This effect
may be the result of a loss of 1llft at the blade tilp,
together wlith the predominance of the centrifugal force
at this point. It 1s not believed to be  the result of -
ilnertlia loads occurring during flapping: since only a
small part of the drocp sappears to be perlodic.

CCNCLULING REMARKS

. The high-speed photographs of a Sikorsky YR-4B pro-
duction rotor blade 1ln simulated flight condltions show
the fabric sagging and bulging ceused by the centrifugal
force actling on the mass of alr enclossd by the blade.
The 1nternal pressure is indlceted to be less than the
free-stream stetlec pressure from the root to approxi-
mately the 77-percent radius and to be greater than
froe-stream ststic pressure for approximately the out-
board 10 percent of the radius. There 1s a reversal in
the bending curve neer the blade tip thset appears to
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result from the combined effeots of losses of 1ift and
high oentrifugal force at this polnt.

Langley Memorial Aeronautical TLaboratory
National Advisory Commlittee for Aeronautlcs
Langley Fleld, Va.
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Table I.~ Wind-Tunnel Seitings and Results for Test Conditions.

Ifem Condition

| 2 o) 4
Tip-speed ratio, M 0.12 0.\6 0.20 0.23
Tunnel spindle ongle, o, 3.6 0.9 -1.9 -3.8
Corrected spindle angle, & _,deg] -3.4 -3.6 -4.6 -6.0
Dynamic pressure,3e€V% ib/q.‘ﬂ- 2.40 4.438 132 Q.40
Tannel awspeed,V, mph 309 41.0 53.2 60.2
S8R ,P‘d*:;_ angle| a5 | 100 | 10.5 | ‘05
Ut L, o, * 2498 | 2501 | 2515 | 2%02
Orag, D, b.* -6l 4 -88 -9\
Side force, Y, \b. 110 215 2\4 2\4
Main- refor thrust coefficient, C_[0.0062 | 0.0062 | 0.0063 | 0.0062
Main-rotor torque coefficient,C, | 0-00036 | 0.00036 |0.0004} |0.00046

% Lift and drag are given for corrected wind ares.

NATIONAL ADVISORY
Symbols used are defined os follows: COMMITTEE FOR AERONAUTICS.

+ip - speed ratio (Vcosad/NR)
rotor angular valocity, rad /scc
- rotor radius , 19 €+
rotor thrust coefficient ( T/Q.n.zrrn“)
rotor thrust+, \b.

rotor torque coefficient (Q/e-N*TRS)
rotor torque , ft-lb

blade azimuth angle, deg. (measured from
downwind position n direction of rotation)

_<,ppn—i_pw?‘:



The YR-4B helicopter mounted in the Langley full-scale tunnel.
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Figure 2.- YR-4B production blade, Lower surface shown. (All dimensions given in inches).
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Figure 3.- Modified K-15A aerial camera and Edgerton flash lamp
mounted on base of survey carriage.
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Figure 4.- General view of photographic equipment and YR-4B
helicopter in the Langley full-scale tunnel.
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Figure 5.- High-speed photographs of a YR-4B production rotor
blade in simulated flight conditions, ¥ , 0°.
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a. Condition 1

b. Condition 2.

¢. Condition 3.

d. Condition 4.

Figure 6.- High-speed photograhs of a YR-4B productmn rotor
blade in simulated flight conditions. ¥, 45°,
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a. Condition 1.

b. Condition 2.

c.  Condition 3.

d. Condition 4.

Figure 7.- High-speed photographs of a YR-4B production rotor
blade in simulated flight conditions. ¥, 135°.
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a, Condition 1.

b. Condition 2.

d. Condition 4.

Figure 8.- High-speed photographs of a YR-4B production rotor
blade in simulated flight conditions. ¥, 180°,
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a. Condition 1_.

b. Condition 2.

¢. Condition 3.

d. Condition 4.

Figure 9.- High-speed phdtographs of a'YR-4B production rotor
- blade in simulated flight conditions. ¥ , 225°,
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a. Condition 1.

b. Condition 2.

c. Condition 3.

d. Condition 4.

Figure 10.- High-speed photographs of a YR-4B production rotor
blade in simulated flight conditions. ¥ , 315°,
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(a) ¥, 0°,

Figure 11.- ' Photographs of YR-4B production blades taken with
overhead camera for condition 1.
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(b) ¥, 45°,

Figure 711.-_ Continqed.
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(c) v, 135°,

Figure 11.- Continued.
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(d) ¥, 180°,

Figure 11.- Continued.
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(e) ¥, 225°,

Figure 11.~- Continued.
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(£) ¥, 315°.

Figure 11.- Concluded.
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(f) ¥, 315°.

Figure 11.- Concluded.
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